Superoxide anion mediated mitochondrial dysfunction leads to hepatocyte apoptosis preferentially in the periportal region during copper toxicity in rats.
Chronic exposure to copper induces hepatocellular apoptosis with greater injury in the periportal region compared to the perivenous region. Here we have identified the factors responsible for the development of regional damage in the liver under in vivo conditions. Enhanced production of reactive oxygen species (ROS) with predominance of superoxide radical (O(2)(-)) indicates the contribution of redox imbalance in the process. This may be linked with copper catalyzed oxidation of GSH to GSSG resulting in the generation of O(2)(-). Downregulation of Cu-Zn SOD in consequence of the degradation of this enzyme, causes decreased dismutation of O(2)(-), that further contributes to the enhanced level of O(2)(-) in the periportal region. Decreased functioning of Mn SOD activity, reduction in mitochondrial thiol/disulphide ratio and generation of O(2)(-) were much higher in the mitochondria from periportal region, which point to the involvement of this organelle in the regional hepatotoxicity observed during copper exposure. This was supported by copper-mediated enhanced mitochondrial dysfunction as evident from ATP depletion, collapse of mitochondrial membrane potential (MMP) and induction of mitochondrial permeability transition (MPT). Results suggest the active participation of O(2)(-) in inducing mitochondrial dysfunction preferentially in the periportal region that eventually leads to the development of hepatotoxicity due to copper exposure under in vivo condition.